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© A wire bonding apparatus has an image pickup 
unit for obtaining image data of an image frame of a 
square area encompassing wire bond objects includ- 
ing electrode pads of an IC chip and corresponding 
inner leads of a lead frame. The image of the square 
area is picked up at the bonding station where the 
bonding operation is executed. The image data is 
transmitted to an image processing unit, which de- 
tects the position of each of inner leads and elec- 
trode pads and calculating deviations of position of 
each of wire bond objects from corresponding de- 
sign position stored in a memory unit. A control unit 
controls XY-table based on the deviations to align a 
bonding tool to each of the bonding points of the 
wire bond objects. In the case of lead frames, tape 
earners or ceramic packages, the accuracy of wire 
bonding can be improved without being affected by 
deformation of the inner leads due to transportation, 
thermal deformation, thermal expansion, or vibration 
remaining in the image pickup unit. In addition, the 
amount of time required for the detecting operation 
can be reduced. 




FIG. 8 
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BACKGROUND OF THE INVENTION 

(a) Field of the Invention: 

The present invention relates to a wire bonding 
apparatus used for fabricating a semiconductor in- 
tegrated circuit (hereinafter referred to as an B IC") 
device. 

(b) Description of the Related Art: 

Wire bonding apparatus is used for manufac- 
turing an IC device in a final stage of the fabrica- 
tion thereof. A conventional wire bonding apparatus 
will be described below with reference to drawings. 

Figs. 1 and 2 show plan views each illustrating 
a general configuration of an IC chip and a lead 
frame before or after bonding operation is per- 
formed thereto. Fig. 3 shows a cross-sectional view 
along line A-A* of Fig. 2, while Fig. 4 shows a plan 
view of a lead frame in which a plurality of IC chips 
are fabricated. 

In Figs. 1 through 3, the IC chip 6 has been 
fixed, prior to a bonding operation onto the lead 
frame 1 1 , in a region surrounded by inner leads 5 
for connection of the electrode pads 7 of the IC 
chip 6 with the inner leads 5 of an IC package by 
wires 20. As shown in Fig. 4, a plurality of IC chips 

6 are successively arranged on a single lead frame 
1 1 at a constant pitch for a mass production. Posi- 
tion marks 21a and 21b both serving as reference 
coordinates for the positions of alt of the inner 
leads 5 are provided for corresponding one of the 
IC chip 6. Tips of some of the inner leads 5 may 
be used as a substitute for the position marks 21a 
and 21b. The IC chip 6 also has position marks 7a 
and 7b each constituted by an electrode pad as 
shown in Fig. 1 . 

In a conventional wire bonding apparatus for 
bonding the electrode pads 7 of the IC chips 6 with 
the inner leads 5 of the lead frame 1 1 as described 
above, a detection camera for detecting position of 
each of wire bond objects including electrode pads 

7 and corresponding inner leads 5 is generally 
fixed to an XY-table moving in a horizontal direc- 
tion, on which a bonding head is mounted. Before 
a bonding operation is carried out, the detection 
camera is successively moved by the XY-table to a 
location right above each of the position marks 7a, 
7b, 21a and 21b and the bonding point of each of 
the inner leads 5 so as to store the coordinates of 
each of the electrode pads 7 and the inner leads 5. 
Thereafter, a wire bonding operation is carried out 
while moving the bonding head by the XY-table 
based on the stored coordinates. 

Fig. 5 shows a detail of a portion of an area 
encompassing wire bond objects including the in- 
ner leads 5 and the electrode pads 7 of Fig. 1. In 
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the region as shown by Figs. 1 and 5, a detection 
camera is first moved to each of the positions of 
specific electrode pads 7a and 7b serving as refer- 
ence coordinates of the IC chip 6. Subsequently, 

5 the detection camera is moved to a bonding point 
28b of an endmost inner lead 5b to detect the 
coordinates of the bonding point 28b of the specific 
inner lead 5b. The detection camera is then moved 
to a next bonding point 28c of another inner lead 

to 5c adjacent to the inner lead 5b to detect the 
coordinates of the bonding point 28c of the adja- 
cent inner lead 5c. In a similar manner, the detec- 
tion camera is successively moved to detection 
points 28 of other inner leads 5 to detect their 

75 coordinates. 

In a conventional wire bonding apparatus as 
described above, the detection of the position or 
coordinates of the bonding point of the electrode 
pads and each of the inner leads by using the 

20 detection camera cannot be carried out simulta- 
neously with a bonding operation for the electrode 
pads and the inner lead. In a recent IC package, 
lead frames, ceramic packages, tape carriers are 
employed in which a large number of pins are 

25 involved, hence the allowable deviation of each 
inner lead from a design position thereof is very 
small because of the small dimension of the inner 
lead. Consequently, detecting the coordinates of 
each of the bonding points of a large number of 

30 inner leads consumes a significant amount of time, 
resulting in a decrease of the efficiency of wire 
bonding. 

For example, the amount of time required for 
detecting the bonding point of each inner lead is 

35 about 0.08 second, so that it takes a total amount 
of about 24 seconds to detect coordinates for all of 
the inner leads of each IC chip in the case where 
the IC chip has as many as 300 pins. The total 
amount of time of 24 seconds consumed for de- 

40 tecting the inner lead of each IC is significant in the 
field of the wire bonding apparatus affecting the 
productivity of IC device. 

In a wire bonding apparatus disclosed in JP-A- 
3(1991)-48434, which is shown in Fig. 6 as a cross- 

45 sectional view thereof, two detection cameras 10c 
and 10d are mounted on an XY-table 2b onto which 
a bonding head 4 holding a bonding tool 3 is 
mounted. The first camera 10c is used for detect- 
ing the bonding point of each of inner leads at a 

so region above a one-pitch upstream station 12 lo- 
cated one-pitch upstream from a bonding station 
13, while the second camera 10d is used for de- 
tecting the positions of electrode pads at a whole 
at a region above the bonding station. The first 

55 camera 10c for the inner leads is mounted for 
horizontal movement relative to the XY-table 2b so 
that the distance in a horizontal direction between 
the first camera 10c and the bonding tool 3 can be 
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adjusted, while the second camera 10d for elec- 
trode pads is fixed to the XY-table 2b. In Fig. 6, 1 
denotes a machine base, 9c denotes an optical 
system for the detection cameras 10c and 10d, 14 
denotes an image processing unit, 16 denotes a 
control unit, 17 denotes an ITV monitor, 18 denotes 
supporting members, and 25 denotes image sig- 
nals. 

, Simultaneously with a bonding operation of an 
IC chip by the bonding tool 3, the bonding points 
of each of inner leads of a succeeding IC chip are 
detected by the first camera 10c. Hence, the posi- 
tion detecting operation for the inner leads and the 
wire bonding operation are overlapped with each 
other in adjacent two IC chips; This increases the 
efficiency of the bonding operation, thereby im- 
proving the productivity of the IC device. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a wire bonding apparatus capable of improving the 
accuracy in detecting bonding points of inner leads 
and electrode pads, and reducing the amount of 
time required for detection of the bonding points. 

A wire bonding apparatus according to a first 
aspect of the present invention comprises an im- 
age pickup system, including an image pickup unit 
(8a) and an image processing unit (14), for detect- 
ing positions of each of wire bond objects including 
a plurality of electrodes (7) of an IC chip and 
corresponding inner leads (5) of an IC package 
characterized in that: 

said image pickup unit (8a) picks up an image 
frame of an area encompassing said wire bond 
objects (5, 7) at a bonding station to obtain an 
image data; and 

said image processing unit (14) calculates from 
said image data a deviation of each of detected 
positions of said wire bond objects (5,7) from cor- 
responding one of design positions of said wire 
bond objects. 

A wire bonding apparatus according to a sec- 
ond aspect of the present invention comprises a 
bonding tool, an XY-table, an image pickup unit, a 
memory unit, an image processing unit, and a 
control unit. The image pickup unit picks up an 
image frame from an image pickup area encom- 
passing all of the wire bond objects for an IC chip 
including the electrode pads of the IC chip and 
corresponding inner leads of an IC package and 
outputs to the image processing unit image data 
regarding the image frame of the image pickup 
area. The memory unit stores first coordinate data 
representing design positions of all the electrode 
pads of the IC chip and the inner leads to be 
subjected to wire bonding. 



The image processing unit receives the image 
data from the image pickup unit so as to detect, 
based on the image data and the first coordinate 
data by a pattern matching technique, the position 

5 of the wire bond objects to obtain second coordi- 
nate data for the wire bond objects. The image 
processing unit stores in the memory unit the sec- 
ond coordinate data representing the positions of 
the electrode pads of the IC chip and correspond- 

10 ing inner leads included in the image pickup area, 
and compares the second coordinate data with the 
first coordinate data so as to output deviations of 
the detected position of each of the wire bond 
objects from the design position of corresponding 

75 one of the design positions of the wire bond ob- 
jects. The control unit receives data of the de- 
viation and controls the XY-table based on the 
deviations to successively align the bonding tool to 
the bonding point of each of the wire bond objects. 

20 In accordance with the present invention, an 

image frame is picked up at a bonding stage from 
an area encompassing the wire bond objects in- 
cluding the electrode pads of the IC chip and 
corresponding inner leads of the lead frame, and 

25 the image data obtained from the image frame is 
processed to detect the positions of the inner leads 
and the electrode pads. The accuracy in detecting 
bonding points can be improved because the de- 
tected bonding positions are not affected by de- 

30 formation of the inner leads due to transportation, 
thermal deformation, thermal expansion, or vibra- 
tion remaining in the image pickup unit. In addition, 
the amount of time required for detecting at least 
the inner leads can be reduced because the image 

35 pickup unit picks up an image frame of the area 
encompassing the wire bond objects at a time 
without successive movements or shifts of the XY- 
table. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

The above and further objects as well as fea- 
tures and advantages of the present invention will 
be more apparent from the following description, 
45 taken in conjunction with accompanying drawings 
in which: 

Fig. 1 is schematic plan view illustrative of an IC 
chip and a lead frame before wire bonding op- 
eration; 

50 Fig. 2 is a schematic plan view illustrative of the 
IC chip and the lead frame of Fig. 1 after wire 
bonding operation; 

Fig. 3 is a cross-sectional view illustrative of the 
IC chip and the lead frame of Fig. 2 along line 
55 A-A 1 in Fig. 2 

Fig. 4 is plan view illustrative of a plurality of IC 
chips and a lead frame for showing a general 
arrangement of the IC chips in a bonding step; 



,rjSDOCir>: <f=P 0657917A1> 



5 



EP 0 657 917 A1 



6 



Fig. 5 is a partial enlarged plan view of Fig. 1; 
Fig. 6 is a schematic side view illustrative of a 
conventional wire bonding apparatus; 
Fig. 7 is a explanatory view for showing de- 
formation of inner leads in Fig. 5; 
Fig. 8 is a side view of a wire bonding apparatus 
according to a first embodiment of the present 
invention; 

Fig. 9 is a partial enlarged side view of the wire 
bonding apparatus of Fig. 8; 
Fig. 10 is a flow-chart showing an operation by 
the wire bonding apparatus of Fig. 8; 
Fig. 11 is a side view illustrative of a wire 
bonding apparatus according to a second em- 
bodiment of the present invention; 
Fig. 12 is a partial enlarged side view of the wire 
bonding apparatus of Fig. 1 1 ; and 
Fig. 13 is a flow chart showing an operation by 
the wire bonding apparatus of Fig. 11. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Before describing embodiments of the present 
invention, disadvantages of the conventional wire 
bonding apparatus will be described for the sake of 
understanding of the present invention. 

In the wire bonding apparatus shown in Fig. 6, 
the coordinates of the inner leads are detected at 
the one-pitch upstream station 12 as described 
before. Accordingly/ in the case where lead frames, 
tape carriers or the like are involved in which inner 
leads are made of materials liable to be deformed, 
the positions of the inner leads 5 detected at the 
one-pitch upstream station will actually deviate at 
the bonding station 13, as indicated by dotted lines 
5a in Fig. 7, after the inner leads 5 are transferred 
from the one-pitch upstream station 12. 

Consequently, when a wire bonding operation 
is performed at the coordinates detected at the 
one-pitch upstream station 12, the bonding points 
will deviate from the design bonding points of the 
inner leads 5. Therefore, there is a possibility that 
proper connections cannot be obtained by the 
bonding operation. 

Moreover, in many cases, the stage tempera- 
ture at the one-pitch upstream station 12 is gen- 
erally lower than the stage temperature at the 
bonding station 13 in which wire bonding is ex- 
ecuted. In such cases, even in a case wherein 
ceramic packages are used, thermal deformation 
and thermal expansion will be produced in each 
inner lead 5 due to the higher temperature at the 
bonding stage 13. Accordingly, the bonding points 
of the inner leads detected at the one-pitch up- 
stream station deviate further more from the design 
bonding points of the inner leads, rendering the 
bonding operation to be more difficult, and render- 
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ing it difficult to maintain the reliability of connec- 
tions formed by the bonding operation. 

Furthermore, since each of the inner leads 5 
and the electrode pads 7 is detected immediately 
s after a sudden stop of the XY-table, which has 
been moved at a high speed during wire boning 
operations for successive bonding points, mechani- 
cal vibrations remain in the detection cameras and 
the support members therefor. Accordingly, affec- 
io tions by the mechanical vibrations on the detecting 
operation cannot be avoided, thereby the accuracy 
of the position detection being deteriorated. 

Especially, in case of lead frames or tape car- 
riers having a large number of pins, the allowable 
75 deviation of each of the bonding points from cor- 
responding one of the design bonding points of the 
inner leads is very small because of the small 
dimensions especially in width of the inner leads. 
Accordingly, it is difficult to maintain the reliability 
20 of connections by bonding due to deviation of the 
bonding points. 

For example, it is assumed that the dimension 
of each inner lead 5 is about 0.10 mm in width in 
the case of a large number of pins, e.g. about 300 
25 pins, and the allowable deviation in coordinates for 
wire bonding is about ± 0.01 mm. The amount of 
deformation of each inner lead resulting from the 
above reasons amounts to as high as about ±0.02 
mm ±0.01 mm. 
30 Accordingly, although the amount of the de- 

formation of each of the inner leads must be small- 
er than the allowable deviation of the bonding point 
in the wire bonding operation, it is likely to happen 
that the amount of deviation of the bonding point is 
35 larger than the allowable deviation of the bonding 
point, resulting in that the wire bonding by the 
conventional method cannot provide a satisfactory 
quality of bonding. 

Now, embodiments of the present invention will 
40 be described with reference to the drawings. 

Fig. 8 schematically shows a wire bonding ap- 
paratus according to a first embodiment of the 
present invention. The wire bonding apparatus of 
the present embodiment performs a bonding op- 
45 eration for the lead frame shown in Fig. 1 as wire 
bond objects, i.e., objects to which wire bonding is 
performed. The wire bonding apparatus is com- 
prised of an XY-table, a bonding head 4 mounted 
on the XY-table, a bonding tool 3 releaseably se- 
50 cured to the bonding head 4, an image pickup 
system including an image pickup unit 8a, image 
processing unit 14 and a memory unit 15, and a 
control unit 16 for controlling the XY-table. The 
memory unit 15 stores therein coordinates of the 
55 design positions of all of the inner leads 5 and the 
electrode pads 7 of each type of IC chips. 

The bonding head 4 is mounted on the XY- 
table 2a which is mounted on a machine base 1 for 

4 



7 



EP 0 657 917 A1 



8 



movement in a horizontal direction. A lead frame 
11 having inner leads 5 (Fig. 1) thereon is re- 
leaseabiy secured to a carrier unit 26 by way of a 
fixing tool and transferred by the carrier unit 26 one 
pitch by one pitch. The image pickup unit 8a is 
secured to the XY-table 2a by way of a support 
member 18 for pickup of the image of inner leads 
5 of the lead frame 1 1 and for electrode pads 7 on 
an IC chip 6 die-bonded to the lead frame 1 1 . 

Referring to Fig. 9, the image pickup unit 8a is 
comprised of a first camera 10a. a second camera 
10b and an optical system 9a. The optical system 
9a includes an objective lens 22, a first half mirror 
19a, a second half mirror 19b, a magnification lens 
23 and a light source 24. The first camera 10a is 
disposed in the upper end of the optical system 9a, 
while the second camera 10b is disposed in the 
middle portion of the optical system 9a. The optical 
system 9a supplies to the first and second cam- 
eras 10a and 10b image of a square area encom- 
passing the wire bond objects including ail of the 
electrode pads 7 of the IC chip 6 and correspond- 
ing inner leads 5 of the lead frame 11. The first 
camera 10a picks up an image frame from a large 
square area of about 22 mm x 22 mm, so that the 
objective lens 22 is of a high resolution type and 
scarcely produces any significant distortion in the 
image of the square area resulting from aberration 
or the like. 

The first half mirror 19a is disposed in the 
lower portion of the optical system 9a to lead a 
light beam 27 from the light source 24 to the 
square area. The second half mirror 19b is dis- 
posed above the first half mirror 19a, receives the 
image of the wire bond objects passing through the 
fist half mirror 19a, and provides the image of the 
wire bond objects to the first camera 10a. The 
magnification lens 23 is disposed between the half 
mirror 19b and the second camera 10b to obtain a 
magnified image of a portion of the square area for 
the second camera 1 0b. 

Before executing of a wire bonding operation, 
the first camera 10a first picks up an image frame 
from a square area encompassing the wire bond 
objects. Image data thus obtained by the first mir- 
ror 10a is transmitted to the image processing unit 
14 for obtaining the position of each of inner leads 
5. 

The second camera 10b functions for monitor- 
ring the wire bond objects enterring the bonding 
station. The second camera 10b also detects the 
position marks 21a and 21b of the IC chips as 
shown in Fig. 4 while being driven by the XY-table. 
The second camera 10a transmits the image data 
thus detected to the image processing unit 14. The 
image data received by the image processing unit 
14 is used for identifying the exact position of the 
IC chip. 



The image processing unit 14 includes an 
identifying section for identifying each of wire bond 
objects to obtain second coordinates of the wire 
bond objects, and a deviation calculation section 
5 for calculating deviation of each of the detected 
bonding points from the design bonding points. 
The deviation calculation section calculates differ- 
ences between the design coordinates of each of 
the inner leads 5 and the electrode pads 7 and 
70 corresponding one of the detected positions of ail 
of the inner leads 5 and the electrode pads 7, then 
transmits the resultant differences or deviations to 
the control unit 16. The image processing unit 14 is 
also connected to an ITV monitor 17 for visual 
15 monitorring of the wire bond objects. 

The control unit 16 compensates the amounts 
of movement of the XY-table 2a for executing a 
wire bonding, operation for each of bonding points 
based on the deviations as obtained above, and 
20 controls the bonding tool 3 to carry out the wire 
bonding operation for each of the bonding point 
while moving the XY-table 2a in accordance with 
compensated values. 

Next, operation of the wire bonding apparatus 
25 of the present embodiment will be described in 
detail witfrreference to Fig. 10. 

In step 1, the XY-table 2a is moved so that the 
center of the objective lens 22, i.e., center of the 
first camera 10a is located on a perpendicular 
30 passing through the center of the image pickup 
area encompassing the wire bond objects including 
all of the electrode pads 7 of the IC chip 6 and 
corresponding inner leads 5 of the lead frame 1 1 . 
In step 2, image data representing an image 
35 frame of the image pickup area is picked up by the 
first camera 10a. 

In step 3, the image data is transmitted from 
the first camera 10a to the image processing unit 
14 as a signal 25. The image processing unit 14 
40 performs an image detection operation while com- 
paring each of the inner leads 5 in the image data 
with corresponding one of the data for the design 
positions of all of the inner leads 5 for the IC chip, 
which are stored in the memory unit 15 in advance, 
45 to detect the exact positions of the inner leads 5. 

In step 4, the XY-table 2a is successively 
moved so that the center of the objective 22, i.e., 
the center of the field of view for the second 
camera 10b is located on a perpendicular of the 
so surface of the IC chip at substantially the center of 
the electrode pad 7a and then center of the elec- 
trode 7b, both serving as position marks. 

In step 5, the image data of the electrode pads 
7a and 7b are successively picked up by the 
55 detection camera 10b and transmitted from the 
second camera 10b to the image processing unit 
14. 
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In step 6, the image processing unit 14 detects 
the position of the position marks 7a and 7b and 
transmits the detection signal to the control unit 25, 
which identifies the coordinates of the position 
marks 7a and 7b in view of the current coordinates 
of the XY-table. The coordinates of the position 
marks 7a and 7b of the IC chip 6 are then transmit- 
ted to the image processing unit 14. 

In step 7, the image processing unit 14 obtains 
differences between each of the design coordinates 
of all of the inner leads 5 stored in the memory unit 
15 and corresponding one of the detected coordi- 
nates of all of the inner leads 5. The image pro- 
cessing unit 14 further obtains the difference be- 
tween the coordinates of the electrode pads 7a and 
7b and the corresponding data stored in the mem- 
ory unit 15 to thereby calculates the deviations of 
the IC chip from the design positions thereof. The 
image processing unit further calculates deviations 
of the positions of all of the electrodes 7 of the IC 
chip 7 from corresponding design positions stored 
in the memory units 15. 

In step 8, the resultant deviations are transmit- 
ted to the control unit 16. 

In step 9, the control unit 16 controls for driving 
the XY-table 2a based on each of the deviations 
thus obtained, and carries out a wire bonding op- 
eration at each bonding point by using the bonding 
tool 3, while moving the XY-table 2a to align the 
bonding tool 3 to each bonding point. 

The accuracy of the wire bonding operations 
can be improved by the above described manner 
in which the images for the inner leads are ob- 
tained at a time as an image frame of the square 
area encompassing the wire bond objects including 
the inner leads 5 for obtaining each of the coordi- 
nates of the inner leads 5. Accordingly, the amount 
of time required for the detecting operation can be 
reduced. 

When a two-dimensional CCD image sensor of 
a high resolution type is used in the present em- 
bodiment, for example, as an image pickup ele- 
ment of the first camera 10a, and the CCD has 512 
picture elements along each of both sides, the 
number of picture elements in each piece of the 
first image data is 512 x 512. Assuming that the 
area from which an image is picked up is 22 mm x 
22 mm, and that a multivalued image processing is 
carried out in the image processing unit, a resolu- 
tion of one tenth of the picture element (3a) can be 
obtained. Accordingly, deviations of the detected 
positions from the corresponding exact positions 
can be obtained as follows: 

±22 + 512 x 1/10 (3a) = ±0.004 mm (3a). 

From the above, a satisfactory small deviation 
in the position of each of the inner leads can be 
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obtained as compared to an allowable deviation 
even in the case of a large number of pins, e.g, 
about 300 pins. Namely, an error produced by the 
wire bonding apparatus of the present embodiment 
5 in measurement of each of the positions of inner 
leads is significantly smaller than allowable de- 
viation of wire bonding, thereby obtaining a suffi- 
cient accuracy for an IC chip. 

In a practical wire bonding operation, the total 
to amount of time required for detecting the coordi- 
nates of the wire bond objects encompassed by 
the image pickup area was 3 seconds per an IC 
chip, substantially irrespective of the number of 
pins of the IC chip. Accordingly, the amount of time 
75 can be calculated at about 0.01 second per inner 
lead in the case of IC chips having 300 pins, the 
amount of time being significantly reduced as com- 
pared to about 0.08 second per inner lead in the 
conventional wire bonding apparatus. 
20 As described above, the wire bonding appara- 

tus of the present embodiment can reduce the 
amount of time for image detection, and carry out 
wire bonding operation with a higher productivity. 
Referring to Fig. 11, a wire bonding apparatus 
25 according to a second embodiment of the present 
invention has a configuration similar to that of the 
first embodiment, with the exception that the image 
pickup unit 8b is comprised of a single camera for 
detecting positions of each of inner leads and elec- 
30 trode pads, as shown in Fig. 12. The rest of the 
components in Fig. 11 other than the image pickup 
unit 8b are denoted by the same reference nu- 
merals as those of respective components of the 
wire bonding apparatus of Fig. 8, and the detailed 
35 description thereof will not be made here for avoid- 
ing duplication. 

Referring to Fig. 12, the image pickup unit 8b 
is comprised of a single detection camera 10a and 
an optical system 9b for supplying the detection 
40 camera 10a with the image of a square area en- 
compassing wire bond objects including electrode 
pads 7 of an IC chip 6 and corresponding inner 
leads 5 of a lead frame 1 1 such as shown in Fig. 1 . 
The optical system 9b is comprised of an objective 
45 lens 22, a half mirror 19a, and a light source 24. 
The half mirror 19a leads a light beam 27 received 
from the light source 24 towards wire bond objects 
and also passes an image of the image area en- 
compassing the wire bond objects upwards to the 
so detection camera 10a. 

The detection camera 10a is disposed above 
the half mirror 19a and picks up an image frame of 
the square area encompassing the wire bond ob- 
jects, before the bonding tool 3 executes a wire 
55 bonding operation. Image data thus obtained is 
transmitted to the image processing unit 14. 

The image processing unit 1 4 detects the posi- 
tions of each of the inner leads 5 and the electrode 

6 
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pads 7 based on the image data obtained by the 
detection camera 10a. while comparing each of the 
detected coordinates of the inner leads with cor- 
responding data of the design positions of the inner 
leads 5 stored in the memory unit 15 and also 
comparing coordinates of each of the electrode 
pads 7a and 7b with corresponding data of the 
design positions thereof. The image processing 
unit 14 then obtains a deviation between the de- 
tected position of each of the inner leads 5 and the 
electrode pads 7 and corresponding one of design 
positions of the inner leads 5 and the electrode 
pads 7 stored in the memory unit 15, then trans- 
mits the resultant deviation data to the control unit 
16. The image processing unit 14 is also con- 
nected to an ITV monitor 1 7 for visual monitorring. 

The control unit 16 compensates the amounts 
of movement of the XY-table 2a based on the 
deviations of the detected positions of all of the 
inner leads 5 and the electrode pads 7 from the 
corresponding design positions of the inner leads 5 
and the electrode pads 7 . The control unit 25 
controls the bonding tool 3 to carry out wire bond- 
ing on the inner leads 5 and the electrode pads 7, 
while moving the XY-table 2a in accordance with 
compensated amounts. 

Next, operation of the wire bonding apparatus 
according to the present embodiment will be de- 
scribed with reference to Fig. 13. 

In step 1 , the XY-table 2a is moved so that the 
detection camera 10a is located on the perpendicu- 
lar of substantially the center of the image pickup 
area located in a bonding station, the image pickup 
area encompassing wire bond objects including the 
electrode pads 7a and 7b of an IC chip 6 and 
corresponding inner leads 5 of the lead frame 11 
such as shown in Fig. 1. The electrode pads 7a 
and 7b functions for position marks for the IC chip, 
which is bonded to the lead frame beforehand by 
die bonding and transferred to the bonding station 
prior to the wire bonding. 

In step 2, an image frame of the image pickup 
area is picked up by the detection camera 10a. 
The image data thus obtained is transmitted from 
the detection camera 10a to the image processing 
unit 14. 

In step 3, the image processing unit 14 per- 
forms an position detection of each of the inner 
leads 5 and two of the electrode pads 7 while 
comparing the obtained position data with the cor- 
responding coordinates of each of the inner leads 5 
and the electrode pads 7a and 7b serving as 
position marks, which are stored in the memory 
unit 15 in advance, thereby detecting the wire 
bonding positions for all of the inner leads 5 and all 
of the electrode pads 7 of the IC chip. 

In step 4, the image processing unit 14 obtains 
deviations of the detected positions of all of the 



inner leads 5 and the electrode pads 7 from the 
design positions of all of the inner leads 5 and the 
electrode pads 7. 

In step 5, the resultant deviations are transmit- 

5 ted to the control unit 1 6. 

In step 6, the control unit 1 6 compensates the 
amounts of movement of the XY-table 2a based on 
the resultant deviations, and controls the wire 
bonding tool to carry out wire bonding at all bond- 

io ing points, while moving the XY-table 2a. 

With the second embodiment, since a common 
camera 10a is used for the image pickup unit, the 
number of operation for movement of the XY-table 
for detecting the bonding position of the inner 

75 leads and the electrode pads is reduced to only 
one. thereby realizing reduction in the amount of 
time required for the detecting operation for the 
bonding points. Moreover, deviation of the inner 
leads from the detected positions does not arise, 

20 so that the accuracy in detecting the positions is 
improved. 

Furthermore, the structure of the image pickup 
unit can be simplified, and the weight acting on the 
XY-table is reduced. This provides an additional 

25 advantage in cases where the speed of the bond- 
ing operation is increased through increasing the 
moving speed of the XY-table. 

Although the present invention is described 
with reference to the preferred embodiments, the 

30 present invention is not limited to such embodi- 
ments and it will be obvious for those skilled in the 
art that various modifications or alterations can be 
easily made based on the above embodiments 
within the scope of the present invention. 

35 

Claims 

1. A wire bonding apparatus comprising an image 
pickup system, including an image pickup unit 

40 (8a) and an image processing unit (14), for 

detecting positions of each of wire bond ob- 
jects including a plurality of electrodes (7) of 
an IC chip and corresponding inner leads (5) of 
an IC package characterized in that: 

45 said image pickup unit (8a) picks up an 

image frame of an area encompassing said 
wire bond objects (5, 7) at a bonding station to 
obtain an image data; and 

said image processing unit (14) calculates 

50 from said image data a deviation of each of 

detected positions of said wire bond objects 
(5.7) from corresponding one of design posi- 
tions of said wire bond objects. 

55 2. A wire bonding apparatus as defined in Claim 
1 further comprising a memory unit (15) for 
storing said design positions of said wire bond 
objects(5, 7). 
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3. A wire bonding apparatus characterized by: 

a bonding tool (3) for bonding wire to a 
bonding point of each of a plurality of wire 
bond objects including a plurality of electrode 
pads (7) of an IC chip and corresponding inner 5 
leads (5) of an IC package; 

a moving table for moving said bonding 
tool (3) to align said bonding tool (3) to said 
bonding point; 

an image pickup unit (8a), mounted by io 
said moving table, for picking up an image 
frame of an area encompassing said wire bond 
objects (5. 7)at a bonding station to obtain 
image data; 

a memory section (15) for storing first co- 15 
ordinate data representing design position of 
each of said wire bond objects (5, 7); 

an image processing unit (14) including an 
identifying section for identifying each of said 
wire bond objects (5, 7) based on said image 20 
data to obtain second coordinate data repre- 
senting the detected position of each of said 
wire bond objects (5, 7), and a deviation cal- 
culation section for calculating deviation of 
each of said detected positions of said wire 25 
bond objects (5, 7) from corresponding one of 
said design positions by comparing said first 
coordinate data with said second coordinated 
data; and 

a control unit (16) for controlling the move- 30 
ment of said moving table based on said de- 
viation to align said bonding tool (3) to each 
said bonding point for carrying out a bonding 
operation in said bonding station. 

35 

4. A wire bonding apparatus as defined in Claim 
3 wherein said image pickup unit (8a) includes 
a first camera (10a) for picking up said image 
frame and a second camera (10b) for deter- 
mining the position of said IC chip. 40 

5- A wire bonding apparatus as defined in Claim 
3 wherein said image pickup unit (8a) includes 
a CCD image sensor. 

45 
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MOVE XY TABLE 2a SO THAT DETECTION 
CAMERA 10a IS APPROXIMATELY LOCATED 
AT CENTER OF AREA INCLUDING 
ALL INNER LEADS 5 



PICK UP IMAGE DATA BY DETECTION 
CAMERA 10a 



DETECT POSITIONS OF ALL INNER 
LEADS 5 BY COMPARING WITH THEIR 
DESIGN POSITIONS 



MOVE XY TABLE 2a SO THAT DETECTION 
CAMERA 10b IS APPROXIMATELY LOCATED 

AT CENTER OF ELECTRODE PADS 
7a AND 7b SERVING AS DETECTION MARKS 



PICK UP IMAGE DATA BY DETECTION 
CAMERA 10b 



DETECT POSITIONS OF ELECTRODE PADS 
7a AND 7b SERVING AS DETECTION MARKS 
BY COMPARING WITH THEIR 
DESIGN POSITIONS 



OBTAIN DIFFERENCE BETWEEN DESIGN 
POSITIONS AND DETECTED POSITIONS OF 
ALL INNER LEADS 5 AND 
ELECTRODE PADS 7 



TRANSMIT OBTAINED RESULTANT 
DIFFERENCES TO CONTROL UNIT 16 



EFFECT COMPENSATION BASED ON 
DIFFERENCES AND DRIVE XY TABLE 2a 
TO EFFECT WIRE BONDING FOR ALL 
BONDING POINTS 



FIG. 10 
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MOVE XY TABLE 2a SO THAT DETECTION 
CAMERA 10a IS APPROXIMATELY LOCATED 
AT CENTER OF AREA INCLUDING ALL INNER 
LEADS 5 AND ELECTRODE PADS 7a AND 7b 
SERVING AS DETECTION MARKS 



PICK UP IMAGE DATA BY DETECTION 
CAMERA 10a 

i ; 

DETECT POSITIONS OF ALL INNER LEADS 5 
AND ELECTRODE PADS 7a AND 7b SERVING 
AS DETECTION MARKS BY COMPARING 
WITH THEIR DESIGN POSITIONS 



OBTAIN DIFFERENCES BETWEEN DESIGN 
POSITIONS AND DETECTED POSITIONS OF 
ALL INNER LEADS 5 AND 
ELECTRODE PADS 7 



TRANSMIT OBTAINED RESULTANT 
DIFFERENCES TO CONTROL UNIT 16 



EFFECT COMPENSATION BASED ON 
DIFFERENCES AND DRIVE XY TABLE 2a 
TO EFFECT WIRE BONDING FOR ALL 
BONDING POINTS 



FIG. 13 
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